We utilized single-voxel 1 H magnetic resonance spectroscopy (MRS) to investigate biochemical abnormalities related to late-life depression in the medial prefrontal cortex and medial temporal lobe. Fourteen elderly subjects whose depression responded to treatment and 12 nondepressed subjects were enrolled. Subjects were scanned using a GE 3.0 Tesla whole body MR scanner. Metabolite concentrations were quantified using the LC Model software and adjusted for CSF and ratio of gray to white matter. ANCOVA models tested for group differences while controlling for age and sex. Older previously depressed individuals showed significantly reduced concentrations of total N-acetyl aspartate (NAA), choline, and creatine in the prefrontal cortex and significantly elevated left medial temporal lobe concentrations of NAA and myo-inositol. There were no significant group differences in right temporal metabolite concentrations. The prefrontal cortex observations suggest that reduced neuronal, phospolipid, and energy metabolism is present even in clinically improved depression. In contrast, elevated NAA and myo-inositol concentrations in the left medial temporal lobe could be associated with neuronal and glial cell changes in the amygdala.
Introduction
Structural abnormalities have been widely reported in geriatric depression (Vaishnavi and Taylor, 2006) , but corresponding biochemical abnormalities are not as well understood. Magnetic resonance spectroscopy (MRS) has been used to study depression in young-to midlife-adult populations (Yildiz-Yesiloglu and Ankerst, 2006), but has not been as extensively used in older depressed samples despite its potential to provide important information on the pathophysiology of late-life depression.
Although many brain regions may be interesting targets in MRS studies of geriatric depression, the prefrontal cortex and amygdala may be of particular interest given their interconnections and involvement in mood regulation (Phillips et al., 2003b) . Structural differences in the prefrontal cortex have been reported in geriatric depression (Ballmaier et al., 2004; Bae et al., 2006; Taylor et al., 2007b) while the amygdala plays an important role in the regulation of emotional expression (Phillips et al., 2003a) . More recently, depression-related differences in left hemispheric white matter connections between these regions have been reported (Taylor et al., 2007a) , supporting theories of fronto-limbic dysregulation in depression. Postmortem studies of these regions support the hypothesis that these broader changes identified on structural neuroimaging may be secondary to microstructural changes (Ongur et al., 1998; Rajkowska et al., 1999 Rajkowska et al., , 2005 as depressed individuals show neuronal and glial alterations in these regions. In turn, these neuronal and glial changes are themselves associated with metabolite changes such as N-acetyl aspartate (NAA, a neuronal marker, also related to myelin), choline (Cho, a marker of membrane phospholipid metabolism), myo-inositol (mI, a glial cell marker), and creatine (Cre), and may affect glutamate regulation (Rajkowska and Miguel-Hidalgo, 2007) .
Although 1 H MRS has been used to study major depression, there are differences in results and conclusions across published studies. MRS studies of the amygdala have shown changes in Cho (Mervaala et al., 2000; Kusumakar et al., 2001 ) and glutamate (Michael et al., 2003b) , although none of these studies examined exclusively older subjects. Previous studies of the frontal lobe have reported lower glutamate plus glutamine (Glx) concentrations in depression (Hasler et al., 2007) , and these levels may increase with successful antidepressant treatment (Auer et al., 2000; Michael et al., 2003a; Pfeiderer et al., 2003; Hasler et al., 2005) . This finding may not be seen in other metabolites; a recent meta-analysis concluded there were no depression-related differences in frontal lobe levels of NAA, Cho, or mI (Yildiz-Yesiloglu and Ankerst, 2006); however, this this analysis included MRS studies of depression across all ages and was not specifically limited to an older population. 
